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[57) ABSTRACT

A photo-curable epoxy resin type composition which
comprises (a) an epoxy resin, (b) at least one compound
selected from the group consisting of (i) a compound
having a group, other than an imido group, which is
represented by the formula —CONH and (ii) an aro-
matic amine, (¢) an organic metal compound, where
sald metal 1s selected from the group consisting of tita-
nium, vanadium, chromium, manganese, iron, cobalt,
nickel, copper, zinc, aluminum and zirconium; and (d)
an organic silicon compound having at least one group
selected from the group consisting of a peroxysilyl
group and an o-nitrobenzyloxy group capable of form-
ing a silanol group by irradiation with light. The photo-
curable epoxy resin type composition according to this
invention is capable of readily curing by light (ultravio-
let ray in particular) and also capable of heat curing at
a temperature of 150° C. or more, and yet provides a
cured product that is free of 1onic impurities, does not
corrode metallic materials which may be in contact

with the composition, and displays excellent electrical
properties.

9 Claims, No Drawings
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PHOTO-CURABLE EPOXY RESIN TYPE
COMPOSITION

This 1s continuation of application Ser. No. 790,122,
filed Oct. 22, 1985, now abandoned.

BACKGROUND OF THE INVENTION

This invention relates to a photo-curable epoxy resin
type composition. More particularly, it relates to a
photo-curable epoxy resin type composition capable of
giving a cured product which has shortened curing rate
and improved curability and has electrical properties
suitable for use in insulating materials for electrical
equipments and also for use in resist materials.

Recent years, in view of energy saving and improve-
ment of workability, attention has been paid to pro-
cesses for curing resins by light. Of the processes, a
process by which epoxy resins are cured by light has
been applied widely and considered important. In the
process for effecting photo-curing of the epoxy resins,
most important factor is the epoxy resin composition
itself, although the conditions for the photo-curing shall
not be neglected, and extensive studies have been made
on those having a variety of components. The photo-
curable epoxy resin compositions having been known in
the art can be roughly classified into the following two
types.

One 1s a composition obtained by modification of an
epoxy resin with use of a vinyl group-containing com-
pound such as an acrylic acid and its derivatives How-
ever, a photo-cured product of the modified epoxy resin
has a problem that it is considerably inferior to a cured
product of the epoxy resin itself in the heat resisting
property.

The other 1s a composition obtained by adding to the
epoxy resin a photodecomposable type catalyst and
curing it by use of the catalyst An example of the cata-
lyst used therefor is a complex represented by the fol-

lowing formuia:
YO
I
Ar—X®—Ar

wherein Ar represents a phenyl gfoup, or .the like; X
represents an iodine atom, a sulfur atom, a diazo group,
or the like; and Y represents BF4 PF¢ AsFg SbFgor the
like,

as disclosed 1n Macromolecules, 10, 1307 (1977); Jour-
nal of Radiation Curing, 5, 2 (1978); Journal of Polymer

Science Polymer Chemistry Edition, 17, 2877 (1979);

ditto, 17, 1047 (1979); Journal of Polymer Science Poly-
mer Letters Edition 17, 759 (1979); Specification of
Japanese Unexamined Patent Publication (KOKAI)
No. 65219/1980; specification of U.S. Pat. No.

4,069,054; specification of British Patent No. 1,516,511;

specification of British Patent No. 1,518,141; etc.
However, when the composition obtained by adding
to an epoxy resin the photo-curable type catalyst is
used, the resultant photo-cured product has a good
mechanical strength and a heat resisting property,
whereas the catalyst component tends to remain as an
ionic impurity. Therefore, it has problems that the dete-
rioration of electrical properties such as electrical insu-
lating property and corrosion phenomenon in electrical

equipments may occur when such a cured product is
applied in an electrical equipment.
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2
SUMMARY OF THE INVENTION

It 1s an object of this invention to provide a photo-
curable epoxy resin type composition that can eliminate
the above-mentioned problems, being capable of readily
curing by light, ultraviolet ray in particular, and also
capable of heat-curing even at a temperature of 150" C.
or more, and yet provides a cured product that 1s free of
ionic’ impurities, does not corrode metallic materials
used in contact with the composition, and has excellent
electrical properties.

The photo-curable epoxy resin type composition
according to this invention is characterized in that it
comprises;

(a) an epoxy resin;

(b) a compound having at least one group represented
by the formula; —NH—;

(c) an organic metal compound; and

(d) an organic silicon compound capable of forming a
silanol group by irradiation with light.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The epoxy resin used in this invention is an epoxy
compound to be used alone or a mixture of an epoxy
compound with one or two or more compounds se-
lected from the group consisting of an acid anhydride, a
phenol series compound, a compound having an ethyl-
enic unsaturated group and an imide compound.

As the epoxy compound, there may be mentioned, for
example, monofunctional epoxy compounds or poly-
functional epoxy compounds. The monofunctional
epoxy compounds may include for example, ethylene
oxide, propylene oxide, butylene oxide, styrene oxide,
phenyl glycidyl ether, butyl glycidyl ether, etc. The
polyfunctional epoxy compounds may include, for ex-
ample, a bisphenol A type epoxy resin; a bisphenol F
type epoxy resin; a phenol-novolac type epoxy resin; an
alicyclic epoxy resin; a heterocyclic ring-containing
epoxy resin such as triglycidyl isocyanurate, hydantoin
epoxy, or the like; a hydrogenated bisphenol A type
epoxy resin; an aliphatic epoxy resin such as propylene
glycol diglycidyl ether, pentaerythritol polyglycidyl
ether or the like; a glycidyl ester type epoxy resin ob-
tained by the reaction of an aromatic, aliphatic or ali-
cyclic carboxylic acid with epichlorohydrin; a spiro
ring-containing epoxy resin; a glycidyl ether type epoxy
resin which is a reaction product of an o-allyl-phenol-
novolac compound and epichlorohydrin; a glycidyl
ether type epoxy resin which is a reaction product of a
diallyl bisphenol compound, having an allyl group at
the o-position of each of the hydroxyl groups in bisphe-
nol A, and epichlorohydrin; etc. One or more kinds
selected from the group consisting of the above may be
used optionally. .

As the phenol series compound to be used by being
added to the epoxy compound, there may be mentioned,
for example, bisphenol series compounds such as bis-
phenol A, bisphenol F, bisphenol S and the like; and a
condensate of phenols such as phenol, cresol, catechol
and bisphenol A with formaldehyde; etc.

As the compound having an ethylenic unsaturated
group, there may be mentioned, for example, styrene
and derivatives thereof; unsaturated carboxylic acids

-and unsaturated carboxylates; esters of unsaturated car-

boxylic acids with aliphatic hydroxyl compounds, ali-

phatic polyhydroxyl compounds, aromatic hydroxyl
compounds or aromatic polyhydroxyl compounds;
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polycarboxylic acids containing two or more carboxyl
groups; oligoesters obtained by esterification reaction of
polyhydroxyl compound containing two or more hy-
droxyl groups and unsaturated carboxylic acids; etc.

The unsaturated carboxylic acids may include, for
example, acrylic acid, methacrylic acid, itaconic acid,
crotonic acid, i1socrotonic acid, maleic acid, etc.

The aliphatic hydroxyl compounds may include, for
example, methanol, ethanol, propanol, butanol, etc.

The aliphatic polyhydroxyl compounds may include,
for example, dihydric alcohols such as ethylene glycol,
triethylene glycol, tetraethylene glycol, tetramethylene
glycol, neopentyl glycol, 1,10-decanediol, 1,2-
butanediol, 1,3-butanediol and propylene glycol and a
polymer thereof; trihydric alcohols such as trimethylol-
ethane and trimethylolpropane, and a polymer thereof;
alcohols containing four or more hydroxyl groups such
as pentaerithritol, dipentaerithritol, tripentaerithritol
and other polymeric pentaerithritol, saccharides such as
sorbitol and D-mannitol; dihydroxycarboxylic acids
such as dihydroxymaleic acid, etc.

The aromatic hydroxyl compounds and the aromatic
polyhydroxyl compounds may include, for example,
phenol, hydroquinone, catechol, resorcinol, phloroglu-
cinol, pyrogallol, etc.

The esters of aliphatic hydroxyl compounds with
unsaturated carboxylic acids may include, for example,
acrylic esters such as methyl acrylate, ethyl acrylate,
n-propyl acrylate, isopropyl acrylate, n-butyl acrylate
and tert-butyl acrylate; methacrylic esters such as
methyl methacrylate, ethyl methacrylate, n-propyl
methacrylate, isopropyl methacrylate, n-butyl methac-
rylate and tert-butyl methacrylate; itaconic esters such
as methyl itaconate, ethyl itaconate, n-propyl itaconate,
isopropyl itaconate, n-butyl itaconate and tert-butyl
itaconate; crotonic esters such as methyl crotonate,
ethyl crotonate, n-propyl crotonate, iso-propyl croton-
ate, n-butyl crotonate and tert-butyl crotonate; etc.

The esters of aliphatic polyhydroxyl compound and
unsaturated carboxylic acid may include, for example,
acrylic esters such as ethylene glycol diacrylate, trieth-
ylene glycol triacrylate, 1,3-butanediol diacrylate, tetra-
methylene glycol diacrylate, propylene glycol diacry-
late, trimethylolpropane triacrylate, trimethylolethane
triacrylate, tetraethylene glycol diacrylate, pentaeri-
thritol. diacrylate, pentaerithritol triacrylate, pentaeri-
thritol tetraacrylate, dipentaerithritol diacrylate, dipen-
taerithritol triacrylate, dipentaerithritol tetraacrylate,
dipentaerithritol pentaacrylate, dipentaerithritol hexaa-
crylate, tripentaerithritol octaacrylate, sorbitol triacryl-
ate, sorbitol tetraacrylate, sorbitol pentaacrylate, sorbi-
tol hexaacrylate and polyester acrylate oligomer; meth-
acrylic esters such as tetramethylene glycol dimethac-
rylate, triethylene glycol dimethacrylate, trimethylol-
propane trimethacrylate, trimethylolethane trimethac-
rylate, pentaerithritol dimethacrylate, pentaerithritol
trimethacrylate,  dipentaerithritol = dimethacrylate,
dipentaerithritol tetramethacrylate, tripentaerithritol
octamethacrylate, ethylene glycol dimethacrylate, 1,3-
butanediol dimethacrylate, tetramethylene glycol di-
methacrylate and sorbitol tetramethacrylate; itaconic
esters such as ethylene glycol diitaconate, propylene
glycol diitaconate, 1,3-butanediol diitaconate, 1,4-
butanediol diitaconate, tetramethylene glycol diitacon-
ate, pentaerithritol dittaconate, dipentaerithritol triita-
conate, dipentaerithritol pentaitaconate, dipentaeri-
thritol hexaitaconate and sorbitol tetraitaconate; cro-
tonic esters such as ethylene glycol dicrotonate, propy-
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4

lene glycol dicrotonate, tetramethylene glycol dicro-
tonate, pentaerithritol dicrotonate and sorbitol tetracro-
tonate; isocrotonic esters such as ethylene glycol diiso-
crotonate, pentaerithritol diisocrotonate and sorbitol
tetraisocrotonate; maleic esters such as ethylene glycol
dimaleate, triethylene glycol dimaleate, pentaerithritol
dimaleate and sorbitol tetramaleate; and a mixture of
some of these esters

The oligoesters may include, for example, oligoester
acrylate and oligoester methacrylate (hereinafter re-
ferred to merely as oligoester(metha)acrylate, thereby
representing both or either one of these).

The oligoester(metha)acrylate is a reaction product
obtained by esterification reaction of acrylic or meth-
acrylic acid and a polycarboxylic acid with a polyol,
and has a chemical structure of the formula:

R

|
(CH;=C—C—0=—),-Q

0
|

wherein, R represents a hydrogen atom or a methyl
group, Q represents a residue having at least one ester
bond and being formed by condensation cf the polyol
and the polycarboxylic acid, and p is an integer of 1 to
6. '

The polyol giving the residue represented by Q may
include, for example, polyols such as ethylene glycol,
1,2-propylene glycol, 1,4-butanediol, 1,6-hexanediol,
trimethylolpropane, trimethylolethane, 1,2,6-hexane-
triol, glycerol, pentaerithritol and sorbitol; polyether
type polyols such as diethylene glycol, triethylene gly-
col, tetraethylene glycol, decaethylene glycol, polyeth-
ylene glycol, dipropylene glycol, tripropylene glycol,
tetrapropylene glycol and polypropylene glycol, etc.

The polycarboxylic acid giving the residue repre-
sented by Q may include, for example, aromatic poly-
carboxylic acids such as phthalic acid, isophthalic acid,
terephthalic acid, tetrachlorophthalic acid, tetra-
bromophthalic acid, trimellitic acid, pyromellitic acid,
benzophenone dicarboxylic acid and resorcinol diacetic
acid; unsaturated aliphatic polycarboxylic acids such as
maleic acid, fumaric acid, Himic Acid (trademark, pro-
duced by Hitachi Chemical Co., Ltd.) and itaconic acid:
saturated aliphatic polycarboxylic acid such as malonic
acid succinic acid, glutaric acid, adipic acid, pimelic
acid, sebacic acid, dodecanoic acid and tetrahydroph-
thalic acid, etc.

As the acid anhydride which may be used by adding
it to the epoxy compound, there may be mentioned, for
example, phthalic anhydride, tetrahydrophthalic anhy-
dride, methyltetrahydrophthalic anhydride, hexahydro-
phthalic anhydride, methylhexahydrophthalic anhy-
dride, maleic anhydride, trimellitic anhydride and hexa-
chloroendomethylenetetrahydrophthalic anhydride.

As the mmide compound which may be used by add-
ing it to the epoxy compound, there may be mentioned,
for example, maleimides such as maleimide, phenyl-
maleimide, dimethyl maleimide, etc. Of these, preferred
1s a maleimide represented by the general formula:
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0 O
I I
C C

\ /

‘ N—X—N l

/ \
C C
| |
O O

wherein X represents a divalent hydrocarbon such as
alkylene group, cycloalkylene group, monocyclic or
polycyclic arylene group, or a divalent hydrocarbon
bonded through a divalent group such as —CHj;—,
—CQO—, —SO —, —CONH—, etc.

Such a maleimide compound may include, for exam-

ple, N,N’-phenylenebismaleimide, N,N’-hexame-
thylenebismaleimide, N,N’-methylene-di-p-
phenylenebismaieimide, N,N’-oxy-di-p-phenylenebis-

maleimide, N,N'-4,4’-benzophenon-bismaleimide, N,N’-
(3,3'-dimethyl)-methylene-di-p-phenylenebismaleimide,
N,N’-(3,3’-diethyl)-methylene-di-p-phenylenebismalei-
mide, and N,N'-methatoluilenebismaleimide.

As the compound (b) having at least one imino group
to be used in this invention, any of those generally
known in the art may be used. It may include, for exam-
ple, diaminodiphenylmethane, diaminodiphenyl ether
diaminobenzanilide, isophphthaloyl bis (4-aminoani-
lide), N,N’-m-phenylenebis(4-aminobenzamide), isoph-
thaloyl bis(3-aminoanilide) N,O-bis(3-aminobenzoyl-p-
aminophenol, bis(4-aminophenyl)isophthalate, ethyl-
enediamine, propylenediamine, xylylenediamine, ani-
line-formaldehyde resins and polyamide resins. At least
one selected from the group consisting of these may be
used. Of these, from the viewpoints of storage stability
and reactivity, compounds having a group represented
by the formula: —CONH— and aromatic amines are
preferred. |

The mixing proportion of the component (b) is pref-
erably 0.5 to 1.5 equivalent, more preferably, 1 equiva-
lent relative to the component (a). When the mixing
proportion is less than 0.5 equivalant, the curing reac-
tion will not proceed sufficiently, and when it exceeds
1.5 equivalent, the characteristics of cured products will
not be satisfactory.

The organic metal compound (c¢) to be used in this
invention may be any of those which are metal atoms,
and may include, for example, a complex in which an
alkoxy group, a substituted or unsubstituted phenoxy
group, an acyloxy group, a 8-diketonato group, an o-
carbonylphenolato group or the like is bonded to a
metal atom such us titanium, vanadium, chromium,
manganese, iron, cobalt, nickel, copper, zinc, aluminum
and zirconium. Of these, preferred is an organic alumi-
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group may include, for example, an acetylacetonato
group, a trifluoroacetylacetonato group, a hexa-
fluoroacetylacetonato group,
O O O CH; O
I | ol
C~CHy~C~—-CH;, CH3—-C—CH-—-(C-—CH;,
CHj O O CH3
N |
CH3;~C—C—CH;—~C—C—CH3,
/ AN
CH3 CH3

etc.; and the o-carbonyiphenolato group may include,
for example, a salicylaldehydato group, etc.

More specifically, the organic alumimum compounds
mentioned above may include, for example, trismethox-

yaluminum, trisethoxyaluminum, trisisopropox- |
- yaluminum, trisphenoxyaluminum, tnsparamethyl-
phenoxyaluminum, isopropoxydiethoxyaluminum, tris-
‘buthoxyaluminum, trisacetoxyaluminum, triss-
tearatoaluminum, trisbutylatoaluminum, trispro-
pionatoaluminum, trisisopropionatoaluminum,
trisacetylacetonatoaluminum, tristri-
fluoroacetylacetonatoaluminum, trishexa-
fluoroacetylacetonatoaluminum, ~ trise-
thylacetoacetatoaluminum, tris(n-
propylacetoacetato)aluminum, tris(iso-
propylacetoacetato)aluminum, tris(n-
butylacetoacetato)aluminum, trissalycilal-

35
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50

num compound as it effectively enhances the photo-cur-

ing rate.

Of the above organic groups, the alkoxy group may
include, for example, a methoxy group, an ethoxy
group, an iSOpropoxy group, a butoxy group, a pentoxy
group, etc.; the substituted or unsubstituted phenoxy
group may include, for example, a phenoxy group, an
o-methylphenoxy group, an o-methoxyphenoxy group,
a p-nitrophenoxy group, a 2,6-dimethylphenoxy group,
etc; the acyloxy group may include, for example, an
acetato group, a propionato group, an isopropionato
group, a butylato group, a stearato group, an
ethylacetoacetato group, a propylacetoacetato group,
an butylacetoacetato group, a diethylmalonato group, a
dipivaloylmethanato group, etc.; the fB-diketonato

55
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dehydatoaluminum, trisdiethylmalonatoaluminum, tris-
propylacetoacetatoaluminum, tris-
butylacetoacetatoaluminum, trisdipivaloylme-

thanatoaluminum, diacetylacetonatodipivaloylme-
thanatoaluminum,
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etc. At least one selected from the group consisting of
these may be used.

The mixing proportion of the component (c) is pref- 63
erably 0.001 to 10% by weight, more preferably, 0.05 to
5% by weight relative to the component (a). When the
muixing proportion is less than 0.001% by weight, suffi-

8

cient curability of the product will not be obtained;
when it exceeds 10% by weight, a high cost of produc-
tion and a poor electrical property of the product will
be caused.

The organic silicon compound (d) to be used in this
invention may be any of those which is capable of form-
ing a silanol group by irradiation with light, and it may
include, for example, a compound having a peroxysilyl
group or an o-nitrobenzyloxy group. |

The organic silicon compound having a peroxysilyl
group 1s represented by the following formula:

(Rl)n —Si+4+0-0 “R2)4-n

wherein R! represents a hydrogen atom, a halogen
atom, an alkyl group having 1 to 5 carbon atoms, an
alkoxy group having 1 to 5 carbon atoms or an aryl
group; R?2 represents a hydrogen atom, an alkyl group
having 1 to 10 carbon atoms or an aryl group; and n is
an integer of 0 to 3.

In the above formula, the alkyl group having 1 to 5
carbon atoms may include, for example, a methyl
group, an ethyl group, an n-propyl group, an isopropyl
group, an n-butyl group, a t-butyl group, a sec-butyl
group, an n-pentyl group, etc.; the alkoxy group having
1 to 5 carbon atoms may include, for example, a me-
thoxy group, an ethoxy group, an n-propoxy group, an
1ISOPropoxy group, an n-butoxy group, a t-butoxy group,
a sec-butoxy group, an n-pentoxy group, etc.; the aryl
group may include, for example, a phenyl group, a
naphthyl group, an anthranil group, a benzyl group, an
a,a-dimethylbenzyl group, a 1,2,3,4-tetrahydro-1-
naphthyl group etc; the alkyl group having 1 to 10
carbon atoms and the aryl group may have a substituent
or substituents such as a halogen atom, a nitro group, a
cyano group or a methoxy group. More specifically, the
silicon compound having the peroxysilyl group may
include, for example, compounds of the following for-
mulae:

CH;

St—0O0—0—C—CH3;,
CH:;

@ )
|

Si—O—O-"(l:-—Csz,
CH3
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-continued

CH3(CH»);CHy—O—0O0—8i—0—~—0—~CH»(CH>»)3CH3,
0—0—§i~0—0

CH3
CH;—C—0—0—S1—0—0—C—CHj;,

CHj

i @ e

CH3“(|3“O"'O'"S|i"‘O—O—(]3"'CH3,
CH;

etc.

The silicon compound having an o-nitrobenzyloxy
group 18 represented by the following formula:

NO, RS )
(RH,
(R7),~Si O—CH R?
|
(RY), R7
11 10
K R R ) 4—~{(p+g-+r)

wherein R4 R3 and R® may be same or different and
each represent a hydrogen atom, a halogen atom, a
vinyl group, an allyl group, a substituted or unsubsti-
tuted alkyl group having 1 to 10 carbon atoms, an alk-
oxy group having 1 to 10 carbon atoms, a substituted or
unsubstituted aryl group, an aryloxy group or a siloxy
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(16)

12

group; R’ represents a hydrogen atom, a substituted or
unsubstituted alkyl group having 1 to 10 carbon atoms,
a phenyl group or a substituted phenyl group; R% R
R10and R!! may be same or different and each represent
a hydrogen atom, a nitro group, a cyano group, a hy-
droxyl group, a mercapto group, a halogen atom, an
acetyl group, an allyl group, an alkyl group having 1 to
5 carbon atoms, an alkoxy group having 1 to 5 carbon
atoms, a substituted or unsubstituted aryl group or an
aryloxy group; and p, q and r are integers satisfying the
conditions of 0<p, q, r<3 and 1 <p+qg+r<3.

Of the above formula, the halogen atom may include,
for example, a chlorine atom, a bromine atom, etc.; the
substituted or unsubstituted alkyl group having 1 to 10
carbon atoms (or 1 to 5 carbon atoms) may include, for
example, a methyl group, an ethyl group, an n-propyl
group, an n-butyl group, a t-butyl group, a chloro-
methyl group, a chloroethyl group, a fluoromethyl
group, cyanomethyl group, etc.; the alkoxy group hav-
ing 1 to 10 carbon atoms (or 1 to 5 carbon atoms) may
include, for example, a methoxy group, an ethoxy
group, n-propoxy group, n-butyl group, etc.; the substi-
tuted or unsubstituted aryl group may include, for ex-
ample, a phenyl group, a p-methoxyphenyl group, a
p-chlorophenyl group, a p-trifluoromethylphenyl
group, etc.; and the aryloxy group may include, for
exampile, a phenoxy group, etc.

Alternatively, the organic silicon compound may be a
compound comprising as a terminal group an o-
nitrobenzyloxysilyl group and as a principal chain a
group represented by the formula:

R4
I
—tX—=S51—Y
1,
\ R z

wherein z is an integer of O or more; R* and R® are as
defined in the foregoing; X and Y may be same or
different and each represent an oxygen atom, an alkyl-
ene group, an aryl group, etc.

The organic silicon compound having the substituted
or unsubstituted o-nitrobenzyloxy group bonded di-
rectly to a silicon atom may include the following com-
pounds;

(1) trimethyl(o-nitrobenzyloxy)silane,

(2) dimethylphenyl(o-nitrobenzyloxy)silane,

(3) diphenylmethyl(o-nitrobenzyloxy)silane,

(4) triphenyl(o-nitrobenzyloxy)silane,

(5) vinylmethylphenyl(o-nitrobenzyloxy)silane,

(6) t-butyimethylphenyl(o-nitrobenzyloxy)silane,

(7) triethyl(o-nitrobenzyloxy)silane,

(8) tri(2-chloroethyl)-o-nitrobenzyloxysilane,

(9) tri(p-trifluoromethylphenyl)-o-nitrobenzyloxysi-
lane,

(10)
lane,

(11) dimethylphenyl]a-(o-nitrophenyl)-o-nitroben-
zyloxylsilane,

(12) methylphenyldifa-(o-nitropeenyl)-o-nitroben-
zyloxylsilane,

(13) tnnphenyl(o-ethyl-o-nitrobenzyloxy)silane,

(14) trimethyl{3-methyl-2-nitrobenzyloxy)stlane,

(15) dimethylphenyl(3,4,5-trimethoxy-2-nitrobenzylox-
y)silane,

triphenyl(4,5,6-trimethoxy-2-nitrobenzyloxy)si-

trimethyl[a-(o-nitrophenyl)-o-nitrobenzyloxy]si-

lane,



13

(17) diphenylmethyl(5-methyl-4-methoxy-2-nitroben-
zyloxy)silane,

(18) triphenyl(4,5-dimethyl-2-nitrobenzyloxy)silane,

(19) vinylmethylphenyl(4,5-dichloro-2-nitrobenzylox-
'y)silane,

(20) triphenyl(2,6-dinitrobenzyloxy)silane,

(21) diphenylmethyl(2,4-dinitrobenzyloxy)silane,

(22) triphenyl(3-methoxy-2-nitrobenzyloxy)silane,

(23) vinylmethyiphenyl(3,4-dimethoxy-2-nitroben-
zyloxy)silane,

(24) dimethyldi((o-nitrobenzyloxy)silane,

(25) methylphenyldi(o-nitrobenzyloxy)silane,

(26) vinylphenyldi(o-nitrobenzyloxy)silane,

(27) t-butylphenyldi(o-nitrobenzyloxy)silane,

(28) diethyldi(o-nitrobenzyloxy)silane,

(29) 2-chloroethylphenyldi(o-nitrobenzyloxy)silane,

(30) diphenyldi(o-nitrobenzyloxy)silane,

(31) diphenyldi(3-methoxy-2-nitrobenzyloxy)silane,

(32) diphenyldi(3,4-dimethoxy-2-nitrobenzyloxy)silane,

(33) diphenyldi(2,6-dinitrobenzyloxy)silane,

(34) diphenyldi(2,4-dinitrobenzyloxy)silane,

(35) methyltri(o-nitrobenzyloxy)silane,

(36) phenyltri(o-nitrobenzyloxy)silane,

(37) p-bis(o-nitrobenzyloxydimethylsilyl)benzene,

(38) 1,1,3,3-tetraphenyl-1,3-di(o-nitrobenzyloxy)silox-
~ ane,
(39) 1,1,3,3,5,5-hexaphenyli-1,5-di(o-nitrobenzyloxy)-

siloxane, and
(40) a silicon compound formed by reaction of SiClcon-

taining silicone resin and o-nitrobenzylalcohol.

The organic silicon compounds as exemplified above
which is the component (d) of this invention may be
used alone or in combination of two or more kinds.

'The mixing proportion of this component (d) is pref-
erably in the range of from 0.01 to 20 % by weight,
more preferably, 1 to 10 % by weight, relative to the
component (a). When the amount mixed is less than
0.01% by weight, sufficient curability of the product
will not be obtained, and, on the other hand, when it
exceeds 20% by weight, a high cost of production and

a decomposition product of catalytic component may

cause problems.

Into the photo-curable epoxy resin type composition
of this invention, a photosensitizer, a filler, a surface
treatment agent, a lubricant, etc. may further be mixed
optionally. The photosensitizer may be any of those
which are capable of photosensitizing the foregoing
compounds, and which are selected depending on the
kinds of the epoxy resins, light source, etc.

The above photosensitizers may include, for example,
aromatic hydrocarbons, benzophenone and derivatives
thereof, esters of o-benzoylbenzoic acids, acetophenone
and derivatives thereof, benzoin and benzoin ethers and
derivatives thereof, xanthone and derivatives thereof,
thioxanthone and derivatives thereof, disulfide com-
pounds, quinone compounds, halogenated hydrocar-
bons, amines, etc. |

Typical examples of the aromatic hydrocarbon are
benzene, benzene-dg, toluene, p-xylene, fluorobenzene,
chlorobenzene, bromobenzene, iodobenzene, naphtha-
lene, 1-methylnaphthalene, 2-methylnaphthalene, 1-
fluoronaphthalene, 1-chloronaphthalene, 2-chloronaph-
thalene, 1-bromonaphthalene, 2-bromonaphthalene,
l1-iodonaphthalene, 2-iodonaphthalene, 1-naphthol, 2-
naphthol, biphenyl, fluorene, p-terphenyl, acenaph-
thene, p-quaterphenyl, triphenylene, phenanthrene, az-
ulene, fluoranthene, chrycene, pyrene, 1,2-benzpyrene,
anthracene, 1,2-benzanthracene, 9,10-dichloroanthra-
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cene, 9,10-dibromoanthracene, 9,10-diphenylanthra-
cene, perylene, tetracene, pentacene, benzyl, etc.

The benzophenone and the derivatives thereof may
include, for example, benzophenone, 2,4-dimethylben-
zophenone, 2,4-dichlorobenzophenone, 4,4'-bis(dime-
thylamino)benzophenone, etc.

The esters of o-benzoylbenzoic acids may include, for
example, methyl o-benzoylbenzoate, ethyl o-benzoyl-
benzoate, phenyl o-benzoylbenzoate,

O
II
C
CH,
("3—0(321-15
O
O
|
C
OCHj3,
C—0OC,Hs
|
O
O
|
C
CH3,
O2N ﬁ_OCZHS
O
etc.

The acetophenone and the derivatives thereof may
include, for example, acetophenone, 4-methylacetophe-
none, 3-methylacetophenone, 3-methoxyacetophenone,
etc.

The benzoin, the benzoin ethers and the derivatives

of these may-include, for example, benzoin, benzoin

methyl ether, benzoin ethyl ether, benzoin isopropyl

ether, benzoin n-butyl ether, benzoin triphenylsilyl
ether,

OC,Hs

CH-*ﬁ‘

OCH-,

etc. |
The xanthone and the derivatives thereof may include,

for example, xanthone, 2,4-dimethylxanthone, 2,4-
dichloroxanthone, etc.

The thioxanthone and the derivatives thereof may
include, for example, thioxanthone, 2,4-dimethylthiox-
anthone, 2,4-dichlorothioxanethone, etc.

The disulfide compounds may include, for example,;

CH;5—SCH;
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-continued -continued

O
N N
\ )~ !

/C-—S-S-—-C\ l : 5 CH,CI
S S 7 X
g SO,Cl.

EtyN—C—S—S—C—NEt;, etc.

| | ®
S S I
10 C CH>(l
The quinone series compounds may include, for ex-
ample, benzoquinone, naphthoquinone, anthraquinone, c SO,Cl
5,12-naphthacene dione, 2,7-pyrene dione, etc. [
The halogenated hydrocarbons may include, for ex- 15 ©
ample, carbon tetrachioride, hexachloroethane, carbon CHACl
. 2
tetrabromide,
50, Cl,
o O 20 -
| |
C—CCl;, C~-CBr3, : : CH,Cl
SOL(l,
o o 95 N 2
| |
S—CBr;, NO» S—CBr3, N N
| ‘ | N\ N\
O O C—CH;Br, C—CH-»(Cl,
N/ S/
| CH,Br 30 |
O—CH;BI', O: CH3
CH;Br, N
A\
C—CH>,Br,
CH,Cl 35 /
O
o
O
C , | |
C CH>Br
40
SO,Cl ’
0 ,
| etc.
C CBrs, 45 The amines may include, for example, diphenyl-
amine, carbazole, triphenylamine,
O
g ﬁ) H;C
CH,Cl
2 50 C
- =CH NEt,,
0 SO,Cl,
O CH;
| 335
C : CH,Cl H3C
Q ?i)
CH, SO,Cl, F C—CH=CH NEt,,
60
O
| {lzl) H3C
C CH,Cl
- C
>=CH NEft),
65
CH SO, | O

|
Cl CH;
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-continued
ﬁ' H;CO
C

NEt,,

O

etc.

The other photosensitizers may include, for example,
propiophenone, anthrone, benzaldehyde, butylophe-
none, 2-naphthylphenylketone, 2-naphthaldehyde, 2-
acetonaphthone, 1-naphthylphenylketone, 1-acetonaph-
thone, 1-naphthoaldehyde, fluorenone, 1-phenyl-1,2-
propane dione, benzonitorile, acetone, biacetyl, acridine
orange, acridine, Rhodamine-B, eosine, fluorescein,

O
I
C—CH(OCzHs),

O OCHj3
-
C—C

|
OCH3

S o
C—(I3""'CH3, H(|: C—?—CH3,
OH CHj OH

O

| |

C—CH-—S .
O

\ |
()
O O
.|
C—C
etc.

The photosensitizers exemplified in the above may be
used alone or in combination, and should be mixed
preferably in an amount of from 0.001 to 10 % by
weight, more preferably 0.01 to 5 % by weight, based
on the epoxy resin which is the component (a).

As the filler, there may be used those which are gen-
erailly known in the art, such as fused silica, crystalline

>

10

15

18

silica, glass fiber, talc, alumina, calcium silicate, calcium
carbonate, barium suifate and magnesia

In particular, when a glassy filler such as glass fiber 1s
used, transparency of light becomes satisfactory with

the desirable results.

These fillers may be used alone or in combination of
two or more ones. The mixing proportion thereof is
preferably 1 to 200 % by weight, more preferably 20 to
50 % by weight, relative to the epoxy resin which is the
component (a). |

The photo-curable epoxy resin type composition
according to this invention can be readily prepared by,
for instance, mixing and stirring the above-mentioned
components by means of a mixing machine such as
Henschel mixer, followed by kneading the mixture with
use of a heating roll, a heating kneader, a heating ex-

- truder and so on.
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In use of the photo-curable epoxy resin type composi-
tion according to this invention, it is placed into a prac-
tical use by a method such as room temperature photo-
curing, heating photo-curing, and postcuring after
photo-curing.

The wavelength necessary for the photo-curing var-
ies depending on the components of the resin composi-
tion, but, in general, it ranges from 180 to 700 nm, pref-
erably from 250 to 500nm Light irradiation time also
varies depending on the composition of epoxy resins
and the kind of catalysts In general, it ranges from 10
seconds to 180 minutes, preferably 30 seconds to 30
minutes In the case of the heating photo-curing, the
heating temperature may vary depending on the com-
position of epoxy resins and the kind of catalysts, but in
general it ranges from 20° to 200° C., preferably, 150° to
200° C., particularly preferably 160° to 170° C. As the
light source for the light irradiation, it is possible to use
a high pressure mercury-vapor lamp, a carbon arc lamp,
a xenon lamp, an argon glow discharge lamp, a metal
halide lamp, etc. The postcuring after photo-curing is
preferably carried out at 50° to 200° C., preferably, 100°
to 180° C,, for 1 to 10 hours, preferably, 2 to 5 hours in
general, while varing with the composition and kind of
the epoxy resins. - .

This invention will be described in greater detail by
giving the following Examples:

Synthesis of a modified acrylic acid epoxy resin (AE-1)

Into a four neck flask equipped with a thermometer,
a reflux device, an N2 gas inlet and a stirrer, 210 g of
ERL-4260 (trademark; produced by Union Carbide
Corp.; vinylcyclohexanediepoxide; epoxy equivalent:
70), 117 g of acrylic acid, 400 g of toluene, 0.001 g of
hydroquinone and, as a catalyst, 1.56 g of choline chlo-
ride were introduced, followed by gradual temperature
elevation with stirring to carry out reaction at a temper-
ature at which the toluene was refluxed. Proceeding of
the reaction was followed up to measure the consumed
amount of the acrylic acid by the oxidation measure-
ment using an aqueous solution of 0.IN standard NaOH,
until the reaction was completed at the stage where the
oxidation reached substantially zero. After completion
of the reaction, the reaction liquid was mixed with 1
litre of ion exchange water to carry out washing three
times, followed by separation of toluene by means of a
separating funnel, and then distilling away the toluene
under reduced pressure Resultant AE-1 thus synthe-
sized was found to have viscosity of 25 poise (25° C.)
and epoxy equivalent of 94.
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EXAMPLES 1 to 15

Fifteen kinds of photo-curable epoxy resin type com-
positions each having the composition as shown in

20

As acid anhydrides, employed were (3) Epicron
B-570 (trademark, produced by Dainippon Ink and
Chemicals, Incorporated; methyl-A4-tetrahydroph-
thalic anhydride) and (4) Rikacid MH-700 (trademark,

Table 1 (in % by weight) were prepared. 5 New Japan Chemical Co., Ltd.; methylhexahydroph-
Employed as epoxy compounds were ERI-4221 thalic anhydride)
(trademark, produced by Union Carbide Corp., an ali- As mmide compounds, employed were (5) N,N’-
cyclic epoxy resin, epoxy equivalent: 145), Chissonox phenylenebismaleimide and (6) N,N’-4,4-benzo-
206 (trademark, produced by Chisso Corporation, mo- phenonebismaleimide.
lecular formula (1)), Chissonox 234 (trademark, pro- 10  As aluminum compounds, employed were:
duced by Chisso Corporation, an alicyclic epoxy resin (1) trisacetylacetonatoaluminum,
of the molecular formula (2), epoxy equivalent: about (11) tris(n-butylacetylacetato)aluminum, and
140), Epikote 828 (trademark, produced by Shell Inter- (i11) trissalicylaldehydatoaluminum.
national Chemicals Corp., a bisphenol-A type epoxy (1v) tris(ethylacetoacetato)aluminum
resin, epoxy equivalent: 190 to 210, molecular weight: 15  As silicon compounds, employed were;
380), Epikote 1001 (tradename, ditto, epoxy equivalent: (a) triphenyl(t-butylperoxy)silane
450 to 525, molecular weight: 900), Epikote 1004 (trade- (b) triphenyl{a,a’-dimethylbenzylperoxy)silane,
mark, ditto, epoxy equivalent: 900 to 1000, molcular (c) triphenylsilylorthonitrobenzil ether, and
weitght: about 1000) and the aforementioned AE-1. (d) diphenyl(a,a’-dimethylbenzylperoxy)silane. As sen-
| 20  sitizers, employed were (A) naphthacene, (B) benzo-
(1 phenone, (C) benzoin isopropyl ether and (D) 2,4-
dimethylthioxanthone.
O o As fillers, employed were (p) milled fiber (produced
by Asahi Fiber Glass Co.), (@) 5X (trademark, crystal-
25 line silica, produced by Ryushinsha Co.) and (r) GR80
0 0 O (2) (trademark, fused silica, produced by Toshiba Ceramics
Co.).
Each of the above photo-curable epoxy resin type
o compositons were applied by coating on an aluminum
30 plate, which was passed, at the rate of lm/min, through
As phenol series compounds, employed were bisphe- a curing box equipped with three sets of 2 kW high
nol A and catechol. pressure mercury lamps H2000L/81N (pl_'oduced by
As ethylenic compounds, employed were (1) trimeth- Toshiba Corporation) to carry out UV-curlng.
ylolpropane triacrylate and (2) pentaerithritol dimeth- Values for tan 6 of the respective cureq products
acrylate. 35 were measured. Results are shown together in Table 1.
TABLE 1
. (% by weight)
Components Example No.
et al. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
- Epoxy resins:
ERL-4221 10 — — — 20 —
Chissonox 206 — 0 - — — - — - - - - = = - _—
Chissonox 234 — — 10 — —
Epikote 828 60 60 60 80 80 80 50 S50 50 50 50 80 80 80 80
Epikote 1001 20 — 20 20 20 20 SO 50 50 50 50 — 20 — 20
Epikote 1004 — 20 — — — = 2 - = —
Bisphenoi A 0 — — — — — —
Catechol 10 — — — - - = e - - —
Ethylenic — — 10 — — .
compound (1)
Ethylenic — — 10 — — — _
compound (2)
Acid —_ I | p— — —
anhydride (3)
Acd e e = = 10 — _
anhydride (4)
Imide
compound (5) 10 10 — — -
Imide — 10 — _:5_____..__.
compound (6)
AE-1 —_—— 20 _
Compound having
imino group:
4,4'-diaminodiphenyli- 15 — 15 20 — 20 20 20 20 20 20 20 20 — 20
methane
4,4’-diaminodiphenyl — 5 - - 5 = = —_— = - — 20 —
ether
Aluminum compounds:
(1) 2 — 2 2 == - — — — e . = —
(ii) - 2 = - — = 2 2 2 2 2 2 2 2 2

|
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TABLE 1-continued

22

(% by weight)

Components Example No.
et al. 1 2 3 4 §5 6 7 8 9 10 11 12 13 14 15
(iv) —— = 2 = = - = = = - — - = —
Silicon compounds: -
(a) 4 — — — 4 4 4 4 4 4 4 4 4 4
(b — 4 — — -
Silicon compounds:
©) — - 4 - — - - - - - - - - = =
(d) — 4 — — -
Photosensitizer:
(A) l —~ — — — — — — — — — — — — —
(B) — 1 — 1 1 1 1 1 1 1 1 ]
(©) _— e ] e — e e -
(D) — - — 1 - — = =
Filler:
(p) —- - - - — — — — — — — — 50 50 —
C), - = - - 0 — —
(r) —_— — - — - — — — — — — —~ — 5 %
results of 1.2 1.1 32 29 25 28 25 37 39 19 1.8 3.2 59 65 53
measurements:
tan 86(16° C.)
TABLE 2-continued
COMPARATIVE EXAMPLES 1 to 4 ;
25 (% by weight)
Four kinds of photo-curable epoxy resin composi- Components Comparative Exampie No.
tions each having the composition shown in Table 2 et al. 1 2 3 4
were prepared and applied by coating on aluminum () — — — —
plate respectively in the same manner as in Example 1 to (d) — — — —
15. The obtained cured products were measured with its 30 Pl:’:fi'z y
value for tan 8. Results are shown together in Table 2. E’i)s =
(B) 1 ! 1 1
"TABLE 2 Eg)) — — — —
(% by weight) . Filler:
Components Comparative Example No. (D) _ . . .
et al. 1 2 3 4 (Q — — — —
Epoxy resins: (r) " " " »
ERL-4221 10 _ 10 10 results of 1 1 1 1
ChlSSGI‘IE}I 206 — 10 — — tan 8(16" C)
Chissonox 234 — . — — 40 '
Epikote 828 60 60 *1: not cured
Epikote 1001 20 — 20 20
Epikote 1004 — 20 — —
Bisphenol A — — — — EXAMPLES 16 to 18
Catechol — —_ — e . _
Ethylenic _ _ _ _ 45 Three kinds of photo-curable epoxy resin type com-
compound (1) positions having the composition shown in Table 3
Ethylenic , — — - - were prepared. These compositions were applied by
fc’;‘dm““d @) B B B B coating on aluminum plates respectively and UV curing
anhydride (3) | was carried out by use of 80W/cm high pressure mer-
Acid — — — — so cury lamp from the distance of 15 cm to examine the
?ﬂbydﬂdc (4) curing time. The curing time was determined by the
mide — "' — "" time until the epoxy resin type compositions became
compound (5) ,
Imide — - - _ tack-free The results are shown in Table 3.
compound (6 '
compond (©) _ . COMPARATIVE EXAMPLE 5
f;fi';‘g‘;‘:zgpl_‘mng A photo-curable epoxy resin composition having the
14 -diaminc:: - - (s s composition shown in Table 3 was prepared and the
diphenyl methane same test as in the Examples 16 to 18 was carried out.
4,4'-diamino- — — — — The result obtained 1s shown also in Table 3.
diphenyl ether
Aluminum 60 TABLE 3
compounds: (% by weight)
(1) — — — — Comparative
(i) 2 2 2 — Components Example _____ Example No.
(i11) — = — = et at. 16 17 18 5
(1v) — e — — 65 .
Silicon Epoxy resin: -
compounds: Epikote 828 100 100 100 100
(a) 4 4 — 4 Compound having

(b)

im_i_!_m group:




4,975,471

23
TABLE 3-continued

(% by weight)
Comparative
Exampie No.

18 5

Components Exampie

17

16
13

et at.

4,4'-diamino-
diphenyi methane
4,4’ -diamino-
diphenyl ether
4.4'-diamino-
diphenyi sulphone
Silicone compounds:

15

15

il

triphenyl (t-butyl 4 4 4 4
peroxy silane

Aluminum compounds:

tris n-butylacetyl 2 2 2 2
acetato aluminum

Sensitizer:

benzophenone ] 1 ] 1
Curing time: l min 1.5min 3 min *2

*2 not cured in 3 minutes

As described in detail in the foregoing, the photo-cur-
able epoxy resin type composition according to this
invention is capable of readily curing by light (ultravio-
let ray in particular) and is also capable of heat-curing at
a temperature of 150° C. or more, and yet provides a
cured product that is free of ionic impurities, does not
corrode metallic materials which may be in contact
with the composition, and has excellent electrical prop-
erties. Thus, this invention has a very great industrial
values.

We claim:

1. A photo-curable composition which comprises

(a) an epoxy resin;

(b) an aromatic amine that has at least one —NH

group;

(c) an organic aluminum compound selected from the

group consisting of alkoxyaluminum, substituted or
unsubstituted phenoxyaluminum, acylox-
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yaluminum, B-diketonatoaluminum and carbonyl-
phenolatoaluminum compounds; and

(d) an organic silicon compound that has at least one

substituent selected from a peroxysilyl group and
an o-nitrobenzyloxy group and that is capable of
forming a silanol group upon irradiation with light.

2. The photo-curable composition according to claim
1, wherein the composition further comprises a filler.

3. The photo-curable composition according to claim
1, wherein the mixing proportion of the component (b)
1s 0.5 to 1.5 equivalent based on component (a).

4. The photo-curable composition according to claim
1, wherein the mixing proportion of component (c) is
0.001 to 10% by weight based on the component (a).

5. The photo-curable composition according to claim
1, wherein the mixing proportion of component (d) is
0.01 to 20% by weight based on component (a).

6. The photo-curable composition according to claim
2, wherein the mixing proportion of the filler is 1 to
200% by weight of component (a).

7. The photo-curable epoxy resin type composition
according to claim 1, wherein component (b) is selected
from the group consisting of diaminodiphenylmethane,
diaminodiphenyl ether, diaminobenzanilide, isophthal-
oyl  bis(4-aminoanilide), N,N’-m-phenylene-bis(4-
aminobenzamide), isophthaloyl bis(3-aminoanilide)
N,Obis(3-aminobenzoyl-p-aminophenol, bis(4-amino-
phenyl)isophthalate an aniline-formaldehyde resin and a
polyamide resin.

8. The photo-curable composition according to claim
1, further comprising a compound selected from the
group consisting of biacetyl, acetophenone, benzophe-
none, benzil, benzoin, benzoin isobutyl ether, benzil
dimethyl ketal, benzoyl peroxide, 1-hydroxycyclohex-
ylphenyl ketone, (1-hydroxy-1-methylethyl)-phenyl
ketone, p-isopropyl-2-hydroxyisobutylphenone, thiox-
anthone, chlorothioxanthone, 4,4’-diethylamino benzo-
phenone, 4,4'-dimethylamino benzophenone.

9. The photo-curable composition according to claim
8, wherein the mixing proportion of the photosensitizer
1s 0.001 to 10% by weight based on component (a).

x %k k kK K
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